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ABSTOACT 

Toolixig  concepts  for  forging  and  extrusion  processes  vere  deveIoi>ed. 

The  developed  tooling  has  demonstrated  production  practicality  In  the 
manufacture  of  test  parts. 

Detail  test  parts  have  shovn  grain  size  reduction  In  the  forging  process. 
The  peorts  also  demonstrated  that  precision  forging  and  extrusion  by  the 
high  energy  rate  process  can  be  achieved  In  fever  stages  than  conventional 
processes • 

Mtchlne  operating  and  safety  procedures  for  the  San  Diego  Dynapak  unit 
were  also  established. 
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SUMMARY 

Tooling  concepts  for  forging  and  extrusion  processes  ^re  developed. 

Two  basic  types  of  universal  holders  for  both  processes  i#ere  evolved. 

One  holder  was  pie-stressed  and  the  other  unstressed.  The  pre-strcssed 
design  was  found  to  be  more  adaptable  to  extruding  and  the  unstressed 
holder  to  the  forging  process.  Sounds  strong  tooling  developed  for 
production  capabilities  has  demonstrated  operating  practicability  in 
the  manufacture  of  test  psorts. 

Detail  parts  made  throu^  the  use  of  test  tooling  have  shown  grain  • 
sise  reduction  in  the  forging  process.  An  anticipated  gain  in  strength 
due  to  the  refinement  of  grain  did  not  occur,  however,  a  unlfomlty 
of  material  grain  size  was  achieved.  ®ie  detail  parts  demonstrated  that 
precision  forgings  and  extrusions  can  be  effectively  produced  by  the 
high  energy  rate  process  in  fewer  stages  than  retired  by  the  more 
conventional  processes- 

mcbiae  operating  parameters  and  safety  regulations  were  established  for 
the  operation  of  the  San  Diego  Dynapak  unit. 
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INTRODUCTION 

rreliminary  vfork  conducted  under  RMDA  SD-9-8  at  the  Pomona  Dynapak  site 
and  the  Precision  Forge  Company  facility  in  Santa  Monica,  indicated  that 
conventional  forging  and  extrusion  practices  were  not  entirely  applicable 
to  the  high  energy  rate  process.  Consequently  upon  the  acquisition  of 
the  Model  1200  series  Pynapak  machine  by  Convair-San  Diego  this  project 
VAS  In.ltiated* 


The  purpose  of  this  project  tns  the  establishment  of  tooling  and  operating 
parameters  as  well  as  part  design  limitations  consistant  with  the  high 
onergy  rate  Dynapak  forging  process* 

CONCLUSIONS  AND  RECOMMENDATIONS 

General 

The  use  of  the  Pjmapak  high  energy  rate  process  for  forging  and  extru¬ 
sion  of  metals  is  not  only  feasible  but  can  be  accomplished  with  closer 
tolerances  and  fewer  stages  than  conventional  processes. 

Machine 

It  is  recwnnended  that  the  machine  be  ”bcofed  up*»,  to  harness  the 
tremendous  forces  generated,  for  production  usage. 

Ram  guides  should  be  further  improved  to  provide  accuracy  and  ram 
stability  not  available  on  present  machines. 

Tooling 

Under  no  circumstances  should  a  tool  be  bolted  to  the  bolster  plate 
from  below. 

Never  use  anything  less  than  1  inch  bolts  for  hold-down  usage. 

I 

Tool  hardness  should  never  exceed  50  or  go  below  R  46. 
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CONCLUSIWS  AND  RBCOH4ENDATIONS 

Tooling  (Cont'd) 

Us«  an  H-11  or  oquivalent  ahock  rosiatant  tool  atael  such  as  Durodi 
for  part  tooling.  Do  not  use  tool  steels  rionnally  used  for  blanking  and 
forming  dies* 

Maintain  polished  die  surfaces  to  reduce  the  chances  of  material  "pick 
up"  during  the  operating  cycle* 

DEVELOPMENT  OF  TOE  PROJECT 

Thm  Dvnanak  Hachlne  and  It  *8  Operating  Prlnclplea 

A  Model  1200  Dynapak  aachlne  was  utilised  In  the  establlshsient  of  tooling 
and  operating  concepts.  The  original  San  Diego  nachlne  was  adapted  to  operate 
In  a  vertical  poaitioti  since  the  nachlne  was  to  be  used  1-  -he  forging  applica¬ 
tion.  An  additional  main  rod  foot  arrangesnent  was  r*«juired  to  stablise  the 
mchlne  since  shock  cylinders  were  counted  only  on  the  two  front  main  rods. 
Figure  1  illustrates  the  original  unit  as  Installed.  The  foot  arrangaoent 
is  seen  beneath  the  bolster  plate  at  the  rear  of  the  machine. 

Initial  work  established  that  the  machine  was  too  lightly  built  to  with¬ 
stand  constant  forging  operation.  Information  gained  from  the  operation  of 
the  San  Diego  Division  machine  as  well  as  others  in  the  field  resulted  in 
machine  modlflcaticns.  A  third  shock  cylinder  was  installed  to  eliminate 

the  foot  arrangement.  All  three  shock  cylinders  were  Intereonneeted  to 
Insure  a  balanced  gas  presstire  &  uniformity  of  deflection.  'Square  grooved 
tie  rods  were  replaced  with  "V”  grooved  units,  and  a  heavier  square  bolster 
plate  replaced  the  ssmll  round  one.  A  front  view  of  the  modified  unit  is 
shown  in  Figure  2  .  A  separate  balance  control  console  for  shock  cylinder 
pressures  is  ,sounted  on  the  left  side  of  the  main  frame  of  the  machine. 
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Figure  2  -  SAN  DIEOO  DIVISION  HODEL  1205  DTNAPAK  INSTALUTION 

Coirrair  Print  62178 
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DEVELOPMENT  OF  THE  PROJECT 

The  Dynapak  Machine  and  It *3  Operating  Principles ( Cent ♦<! ) 

A  close-up  of  the  modification  of  the  main  frame  for  the  third  shock 
cylinder  can  be  seen  in  Figure  3*  Figure  U  illustrates  the  change  to 
grooves  on  the  main  tie  rods  and  the  heavier  square  bolster  plate  which 
replaced  the  square  grooved  rods  and  small  round  bolster  plate  shown  in 
Figure  5* 

Figure  6  schematically  illustrates  the  vertically  mounted  Dynapek  unit. 

High  pressure  gas  ,is  stored  in  chamber  A  and  low  pressure  gas  in  chamber  B. 

Illustrating  the  machine  operation  let  us  examine  schematics  of  the 
various  stages  of  the  operating  cycle.  Figure  7  illustrates  the  unit  in 
an  ”as  fired”  condition  with  the  ram  down,.  Recycling  the  machine  is 
initiated  by  pumping  hydraulic  oil  into  chamber  B.  This  forces  the  piston 
up  to  the  orifice  plate  seal  ring  and  simultaneously  recompresses  the  gas 
into  chamber  A.  The  hydraulic  pump  then  forces  the  double  piston  in  the 
trigger  unit  in  chamber  A  down  against  the  orifice  plate  seal  ring.  These 
operations  are  shown  completed  in  Figure  6.  When  both  pistons  are  seated 
the  gas  trapped  in  the  hole  through  the  orifice  plate  betwen  them  is 
exhausted  to  the  atmosphere.  Tn  the  next  step  shown  in  Figure  9  the  hydraulic 
oil  is  forced  out  of  piston  back-up  areas  by  compressed  gas  at  a  pre¬ 
determined  pressure.  It  should  be  noted  that  the  pressure  behind  the 
ram  piston  is  not  identical  to  that  separating  the  trigger  unit  pistons. 

The  reasons  for  this  are  discussed  in  the  operating  instructions  section. 

The  machine  is  ready  to  fire  at  this  point.  It  is  only  necessary  to  over¬ 
balance  the  lower  trigger  piston  by  admitting  a  spurt  of  high  pressure  gas 
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FiKurf  3  -  MODEL  1205  DYNAPAK  MACHINE  FRAME  Convair  Print  60581 

MODIFICATION  FOR  3nD  SHOCK  INSTALLATION 
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Figur®  4  •  CLOSE  UP  OF  "V"  GROOVED  MAIN  RODS  AND  SQUARE 

BOLSTER  PUTE  ,  _ 

rY>TnrA4r  Pr<nt.  AO'iftO 
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Figure  5  -  CLOSE-UP  OF  SQUARE  GROOVED  MAIN  RODS  AND 

ROUND  BOLSTER  PLATE  Conrair  Print  51322 
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DEVELOPMENT  OF  THE  PROJECT 

The  Dvnapak  Machine  and  It»3  Operating  Principles  (Cont«d) 
into  the  orifice  areas  as  shown  in  Figure  10.  This  spurt  of  gas  moves 
the  small  piston  away  from  it»8  soat  on  the  orifice  plate  and  allows  the 
high  pressure  gas  in  the  upper  cylinder  to  act  against  the  ram  piston 
driving  it  downward  at  high  velocity.  Note  in  Figure  11  that  as  the  ram 
moves  toward  the  bolster,  the  machine  reacts  in  the  opposite  direction. 

The  shock  cylinders  control  machine  reaction  through  their  own  piston 
system,  as  shown  in  Figure  6,  thus  preventing  the  forces  from  being  trans¬ 
mitted  to  the  floor.  This  unique  featyrc  allows  the  machine  to  produce 
exceptionally  high  impact  forces  and  yet  be  Installed  without  special 
floor  mountings  or  pit  arrangements  required  for  conventional  presses. 

Parts  Manufacture 

Selection  of  Parts 

Part  selection  was  based  principally  on  the  type  of  process  which  would 
be  required  to  produce  the  conf i^uiation.  Although  the  primary  objective 
of  the  project  was  the  establishment  of  tooling  and  operating  parameters, 
consideration  was  given  in  the  selection  of  parts  to  potential  cost  reduc¬ 
tions, should  production  of  the  selected  part  be  desired. 

Two  details  were  selected  to  demonstrate  and  determine  draftless  forging 
techniques.  The  first  part,  an  F-106  spring  tail  hook  fitting(P/N  8-78832-7) 
of  aluminum  (2014)  a]Lloy,  was  chosen  for  its  angularity  and  side  %«11  to 
front  wall  thickness  ratio.  Figure  12  illustrates  the  forged  detail  and 
round  billet  from  which  it  was  formed.  The  second  part  was  an  aluminum 
(2014)  clip  (P/N  22-18892)  %diich  %<as  used  to  determine  the  boundaries  of 
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Flgur«  11  -  DTNAPAK  REACTION  FRAME  IN  OPERATION 

ConTair  Print  68818-4 
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DEVELOPMENT  OF  THE  PROJECT 

Parts  Manufacture 

Selection  of  Parts  (Cont’d) 

draftless  thin  wall  forged  details.  Figure  13  illustrates  the  forged 
detail  after  trimming. 

Two  details  demonstrating  closedforging  techniques  were  selected. 

The  first  selection  was  a  small  diameter  deep  cup  and  the  second  was 
a  large  diameter  shallow  cup.  It  should  be  noted  that  the  cup  bottom 
is  removed  in  a  machining  operation.  ITie  small  diameter  bushing 
P/N  8-16 51 2)  made  from  SkJ\  1*130  steel  is  shown  with  the  initial  billet 
in  Figure  1U»  The  second  detail  made  from  SAP  U3U0  steel  is  shown  in 
Figure  15. 

In  addition  to  the  forging  applications  previously  mentioned,  an  open 
back  extrusion  test  part  was  made  to  examine  tool  characteristics.  The 
test  pieces  are  shown  in  Figure  16.  Forward  extrusion  tooling  techniques 
were  also  evaluated.  The  cruciform  shown  in  Figure  17  is  an  example  of 
the  test  parts  produced.  Deformation  of  the  extrusion  resulted  from 
contact  with  thp  floor^  illustrating  the  impracticability  of  extruding 
with  the  machine  mounted  vertically  and  without  special  provisions  for 
extrusion  length. 

Manufacture 

The  F-106  tail  hook  detail  P/N  8-78732-7  beirty  the  first  part  selected -.-C 
was  the  basic  trial  part  for  both  machine  operation  and  forging  evaluation. 
The  initial  tooling  made  from  SAE  52100  tool  steel  and  heat  treated  to 
RW/c  48-50  did  not  prove  to  be  sufficiently  shock  resistant  for  general 
usage.  Figure  18  illustrates  the  cracked  female  die.  It  should  be 
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Figur*  13  -  DYNAPAK  FORGED  ALUMINUM  (201A)  CLIPS  Convalr  Print  403-61 
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Figure  15  -  DTNAPAK  FORGED  SAE  4340  BUSHING 
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Figure  17  -  POREWARD  EXTRUSION  SAMPLE  Cotivalr  Print  54922 
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DEVELIM>MHUT  OF  THE  PROJECT 

ManuTacture  (Cont*d) 

noted  that  the  female  die,  contrary  to  general  practice ^  was  not  radlused 
in  the  comers*  ITtis  was  done  to  determine  if  such  a  design  practice  ttas 
foesible  since  siany  precision  detail  parts  do  not  have  large  radii  normally 
required  for  conventional  forging  practice. 

A  second  female  die  was  made  from  Durodi  tool  steel  which  proved  to  be 
quite  successful.  This  steel  heat  treated  to  RW/c  4S-50  outlasted  the 
SAE  52100  male  punch. 

Preliminary  efforts  conducted  with  the  required  part  nmterial,  2014 
Aluminum  all<^,  esLablished  the  critical  nature  of  the  siaeed  of  material 
flow.  It  was  found  that  without  traps,  built  up  in  the  trim  area  to 
restrain  the  material  flow,  the  material  mass  tended  to  pull  apart  indicat¬ 
ing  that  the  momentum  resulted  in  a  force  exceeding  the  tensile  strength 
of  the  material  at  the  particular  temperature. 

Considerable  difficulty  was  experienced  in  the  bottom  flat  area  indicated 
in  Figure  19. 


Figure  19  -  EXAMPI£  OF  MATERIAL  SEPARATION 
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DEVELOPMENT  OF  THE  PROJECT 

Trap  areas  were  added  to  further  restrain  the  material  flow,with 
success.  Billet  configurations  were  altered  in  attempts  tc  control 
the  flow.  Wedges,  squares,  rectangular  and  round  billets  were  utilized. 
The  round  extruded  billet  naterial,it  was  found,  provided  the  maximmi 
amount  of  separation  free  parts. 

Several  difficulties  were  encountei  ed  which  could  be  traced  to 
machine  functions.  First  the  bounce  or  rebound  encountered  often 
trapped  flash  material  and  embedded  it  into  the  forged  detail  on  the 
rebound  hit,  A  second  feature  which  caused  trouble  was  the  slow  retraction 
of  the  ram  after  the  forming  stroke.  Prolonged  contact  between  the  forged 
detail  and  the  dies  resulted  in  heat  checks  and  short  tool  life.  In 
addition, part  shrinkage  due  to  cooling  resulted  in  parts  contracting 
on  the  punch  requiring  heat  to  remove  the  part  from  the  tool. 

The  forged  fitting  was  produced  in  one  operation  requiring  a  secondary 
trim  operation  to  remove  flash.  Part  dimensions  were  to  blue  print 
specifications  in  all  respects.  Metallurgical  examination  revealed 
excellent  flow  characteristics  in  the  vertical  walls  and  bottom  sections 
of  the  non-separated  (round  billet)  parts  as  shown  in  Figure  20. 

The  aluminum  clip  (P/N  22-18892)  was  produced  from  a  round  billet 
(extrude »  bar  stock).  Three  different  billet  lengths  were  used  in  attempts 
to  fill  the  tool  cavity  in  one  operation  without  success.  An  excessive 
length  billet  was  then  struck,  trimmed  and  then  restruck  completely  filling 
the  cavity.  The  excessive  depth  to  width  relationship  in  the  vertical  fin 
areas  vras  a  source  of  trouble  in  t%#o  ways.  First;  since  there  was  no  draft 
allowance  on  one  face;  there  was  a  predominate  tendency  for  the  metal 
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DEVELOPMh^NT  OF  THE  FRO.IFXT 

to  stick  in  the  die  cavity.  Second;  the  irachine  bounce  coupled  vdth  the 
tendency  of  the  materiad  to  stick  in  the  die  cavity  frequently  tore  the 
forped  detail  in  bedrf/ 

Various  lubricants  were  used  to  provide  less  friction  in  the  vertical 
fin  areas  but  results  were  unsatisfactory.  Although  the  part  can  be  made 
on  the  Pynapak  nrachine  without  draft  on  the  deep  fin  areas,  the  scrap 
rate  is  excessive.  Therefore  it  is  concluded  that  draft  will  have  to  be 
added  to  achieve  production  efficiency, 

A  wing  spar  bushing  (P/N  8-16512)  was  the  first  production  forging 
attempted  in  a  closeddie.  Tooling  was  designed  to  include  a  floating 
stripper  arrangement  which  was  also  a  portion  of  the  closed  die  cavity, 

A  complete  discussion  of  the  particular  tool  is  found  in  the  tooling  section, 

3AE  4.130  steel  was  used  for  the  first  time  in  the  forging  evaluation 
in  producing  this  part.  Some  scaling  was  encountered  due  to  lack  of 
atmospheric  control  in  the  billet  heating  furnace.  For  the  most  part  the 
billets  were  heated  to  approximately  2100  F  for  effective  material  flow. 

Scale  formed  during  the  heating,  to  forging  temperature, was  removed  by  a 
sharp  blow  against  the  bolster  prior  to  positioning  the  billet  in  the  die 
opening.  Excess  material  was  left  in  all  areas  for  final  machining  and 
grinding.  It  is  believed  that  if  adequate  furnace  controls  were  available, 
net  parts  could  be  produced  since  allowances  would  not  have  to  be  made 
for  reroval  of  scaled  areas  by  machining  operations. 

Engineering  Laboratory  Analysis  vras  made  on  representative  parts, 
Photomac rographs  of  sectioned  parts  indicated  that  flow  characteristics 
in  the  vertical  wall  were  satisfactory  (Figure  21,) 
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Flow  in  the  bottor  of  the  cup  could  be  improved  throuph  tooling  rrodifica- 
tions  but  since  this  area  was  to  be  cut  away  in  these  p>arts,  no  attempt 
was  made  to  rework  the  tooHnp.  TVie  flange  area  shown  on  the  right  side 
of  Figure  21.  illustrates  a  lap;  indicating  flow  probletrus  .n  this  area. 

A  modification  of  the  radius  in  t.he  area  of  the  lap  to  provide  better  flow 
would  be  required  if  the  flange  is  to  be  produced  without  excess  clean-up 
stock. 

Photomicrographs  taken  of  both  the  billet  and  the  finished  part 
illustrate  the  marked  reduction  of  grain  size  achieved  in  the  Dynapak 
operation.  Figure  22  shows  the  grain  size  of  the  billet  at  200  x  and  Figure 
23  shows  t,he  grain  size  of  the  forged  part,  at  20C'  x. 

Fechanical  property  tests  showed  that  the  Dynapak  part  as  forged  was 
approximately  equal  to  the  properties  of  the  hardened  and  tempered  non - 
forged  material.  The  resiilts  are  as  follows: 

Dynapak  as  forged 

198.500  psi  ultimate  20^  elongation 

190,900  pel  ultimate  17.55t  elongation 

Billet  -  hardened  and  tempered 

191.500  pei  ultimte  25"'  elongation 

Dynapak  -  hardened  and  tempered 

187,700  pei  ultimate  10^  elongation 

176,000  psi  ultimate  20  %  elongation 

The  hardened  and  tempered  Dynapak  part,  however,  fell  short  of  the  hardened 
and  tempered  properties  of  the  non -forged  material.  Fljrther  evaluation  will 
have  to  be  made  to  verify  the  above  findings  if  it  is  desired  to  eliminate 
further  heat  treatment  of  Dynapak  forged  parts. 
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Figure  22  -  PHOTOMICROGRAPH  (200X)  OF  BILLET  MATERIAL 
CRAIN  SIZE  7  FC«  8-16512  BUSHING 


Figure  23  -  PHOTOMICROGRAPH  200X  OF  8-16512  BUSHING 
GRAIN  SIZE  SMALLER  THAN  8. 
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Repair  bushinp  22-51001  (RED  I660)also  utilized  the  universal  die 
holder  and  punch  holder.  AISI  A340  steel  used  in  the  part  presented 
the  same  scale  prohlers  as  were  encountered  with  the  SAE  LX30  evalua¬ 
tion.  Again  most  of  the  scale  flowed  into  the  flash  area  where  it  was 
removed  in  the  rough  trinming  operations.  The  remaining  scale  was  on 
the  part  surfaces  where  allowances  had  been  nade  for  finish  machining 
and  consequently  did  not  present  any  problems.  Flow  characteristics 
were  basically  the  same  as  encountered  in  the  previous  bushing  indicat¬ 
ing  that  the  size  difference  was  of  very  little  consequence. 

Lnbri cants 

Maintenance  of  a  lubricating  m.edia  between  the  part  material  and  die 
material  is  essential  in  the  Dynapak  process.  Poor  lubrication  leads  to 
galling  of  punches  and  dies  and  increased  tool  loadings.  In  addition  it 
can  also  lead  to  the  requirement  of  increased  fire  pressure  and  billet 
temperature.  It  also  should  be  noted  that  lubricant  ineffectiveness 
necessitates  frequent  tool  polishing.  Too  much  lubricant  leads  to  a 
dieseling  effect  and  die  checking  from,  high  intensity  local  heat  zones. 

Of  the  lubricants  tested,  a  m.ixture  of  peanut  oil  and  graphite  was 
found  to  be  satisfactory  for  aluminum  alloy  forging.  The  use  of  higher 
temperatures  for  steels  required  a  mixture  of  litharge  and  glycerine. 

Lubricants  ordered  for  evaluation  did  not  arrive  in  time  for  testing 
but  information  obtained  from  other  Dynapak  users  indicates  that  colloidal 
graphite  dispersions  (Dag  dispersions)  are  effective  in  the  1800-2300  F 
forging  range. 
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Tooling 

Design 

( Forging-General  Notes ) 

Forging  die  design  is  similar  in  many  respects  to  press  closed  die 
forging  design  oven  though  the  Dynapak  technique  is  more  closely  related 
to  drop  forging.  Die  blocks  are  not  as  large  as  the  typical  drop  forging 
tool  and  in  general  are  heat  treated  to  46-50  in  contrast  to  normal 
practice  of  45  niaxiirum. 

Due  to  press  limitations  ^lead -in  must  be  provided  on  forging  dies  to 
insure  proper  mating  of  punch  and  die  upon  impact.  In  general  it  was 
found  that  a  one  inch  lead-in  was  required.  Figure  24  illustrates  a 
cross  section  of  a  typical  closed  forging  die  and  the  lead-in  required. 

A  secondary  use  of  the  ”lead-in”  is  the  prevention  of  side  thrust  in  some 
part  configurations.  Partin,*^  lines,  for  punch  &  die,  should  be  designed 
whenever  possible  to  balance  side  thrust. 

Closed,  deep  pocket  areas  where  lubricants  and  air  may  be  trappod 
during  a  forging  cycle  shou"* d»whenever  possible^have  small  holes  in  the 
bottom  area  in  which  lubricant  and  air  may  be  compressed  without  retarding 
the  part  material  flow.  Figure  25  illustrates  such  a  pxicket  area  and  the 
bleed  hole.  Without  such  provisions  the  inherent  high  compression  and 
diesel ing  effect  may  prevent  the  part  from  filling  the  die.  The  bleed 
hole  may  be  either  tapered  or  straight. 
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development  of  the  project 

(Forging  -  Tool  Development) 

Tvfo  universal  punch  and  die  holders  were  developed  to  provide  short 
tool  change  time  and  standardize  forging  tool  block  dimensions.  The 
first  basic  type  was  unstressed,  the  second  prestressed.  The  unstressed 
tool  holders  were  used  in  all  forging  tests  since  detail  part  dies  were 
Bade  to  fit  the  first  set  of  holders. 

The  unstressed  holders  are  satisfactory  for  a  major  portion  of  forging 
applications  which  fall  within  a  four  inch  diameter  circle.  larger  parts 

up  to  5  inches  in  diameter  require  the  pre-stressed  design  to  prevent  die 
breakage. 

The  unstressed  die  holder  shown  in  Figure  26  was  made  from  SAE  52100 
heat  treated  to  48.  The  weld  joint  noted  on  the  drawing  was  omitted 
in  both  holders  and  the  guide  pins  were  removed  after  original  trials; 

The  original  intent  was  to  bolt  the  holder  to  the  bolster  plate  from  below; 
however,  constant  bolt  failur..  ^  required  a  re-evaluation  of  the  machine 
action.  Analysis  disclosed  that  to  achieve  a  bolt  mounting  free  from 
compression  loading  at  any  time  the  bolting  must  be  from  the  top  into  the 
bolster  plate.  High  speed  movies  were  used  to  provide  the  desired  informa¬ 
tion  on  the  machine  action.  The  change  to  top  bolting  eliminated  bolt 
failure. 

Typical  of  the  forging  die  design  for  the  vuistressed  holder  is  the 
F-106  fitting  die  MDA-146  shown  in  Figure  27.  The  tapered  undercut  area 
in  both  punch  and  die  is  used  to  retain  the  tool  members  in  the  tool  holders 
by  set  screws.  This  taper  provides  an  adequate  lock  for  forging  work.  Keys 
are  used  in  both  punch  and  die  to  assure  matching  when  mounting  in  the  tool 
holders. 
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Figure  26  -  UNSTREE3SED  UNIVERSAl  DU  HOU)ER 


Figure  27  -  TYPICAL  POBGE  DIE  DESIC»J  FOR  UNSTRESSED  DIE  HOLDER 
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DEVELOPMENT  OF  THE  PROJECT 

(Forging  -  Tool  Development) 

Note  the  use  of  the  lead-in  on  the  die  member  to  eliminate  side  thrust 
and  provide  a  close  tolerance  matching  of  punch  and  die* 

Control  of  material  flow  in  forming  is  of  great  importance*  Since 
the  Dynapak  technique  involves  speeds  considerably  beyond  the  normal 

forging  rates  f  material  flow  must  be  closely  controlled*  The  tool 
noted  in  Figure  27  allows  a  maximum  of  rOElO^n  the  trim  area  of  the  part* 
It  %ias  found  during  the  tests  that  the  area  had  to  be  reduced  to  trap 
the  material  and  thus  retard  material  flow  in  order  to  keep  the  part  in 
one  piece*  The  final  proof  out  of  tooling  generally  resolves  itself 
into  a  cut-  and  try  method  to  control  flash  and  insure  filling  the  die* 

In  closed  die  forging^  where  no  flash  provisions  are  made^  flow 
control  CO  prevent  laps  and  voids  is  critical  and  may  at  times  require 
design  changes*  An  example  of  the  type  of  problem  is  the  bushing 
6-I65I2  discussed  earlier  under  part  fabrication*  The  lap  found  in  the 
upper  flange  area  can  be  reduced  or  eliminated  by  a  change  in  the  flange 
radius*  A  larger  radius  in  the  area  will  improve  the  material  flow  r^nd 
should  a  lap  occur  it  will  be  in  the  part  trim  area  (shown  below)* 


ON  PRBSBiT  TOOL 
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(Forging  -  Tool  Development) 

A  new  forge  die  holder  was  made  for  the  closed  die  forging  trials. 
The  holder  provided  for  a  stripper  ring  arrangement  to  strip  the  parts 
from  the  punch  on  the  return  stroke  of  the  ram.  The  universal  holder 
and  stripper  ring  are  shown  in  Figure  28.  A  view  of  the  basic  holder 
in  Figure  29  shows  the  three  additional  stripper  bolt  holes,  side  slots 
and  release  knob  modifications  to  the  basic  design. 

Inserts  were  used  in  the  stripper  ring  so  that  only  one  stripping 
ring  would  be  required.  Inserts  were  then  made  tr  fit  the  outer  ring 
and  the  particular  part  for  which  they  were  intended.  Since  the  actual 
stripper  portion  of  the  ring  would  become  part  of  the  die  it  was  made 
of  Durodi  while  the  outer  ring  was  made  from  SAE  52100. 

Stripping  action  is  provided  by  the  return  stroke  of  the  press.  As 
the  ram  returns  the  part,  shrunk  on  the  punch  due  to  cooling,  carries 
the  stripper  ring  with  it  xintil  the  guide  bolts  stop  the  ring^  stripping 
the  part  from  the  punch.  A  typical  stripping  sequence  is  shown  below. 
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Figure  28  -  UNIVERSAL  HOLDER  &  STRIPPER  RING  Convair  Print  57028 
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Figure  29  -  BASIC  HOLDER  LESS  STRIfPER  RING  Convair  Print  57027 
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(Forging  -  Tool  Development) 

The  stripper  ring  will  remain  in  the  extended  position  until  the 
release  knob  is  pulled, allowing  the  ring  to  drop  into  position  on  the 
holder*  In  most  cases  the  ring  was  left  in  the  up  position  shown  in 
Figure  30  until  the  next  billet  had  been  placed  in  the  die  cavity.  The 
ring  was  then  released  and  the  machine  fired. 

Since  the  holder  and  outer  stripper  ring  were  standardised  it  was 
necessary  only  to  make  a  punch,  die  and  stripper  for  a  detail  part. 
Typical  of  the  tooling  required  are  the  components  for, the  bushing. 

P/N  22-51001-21  shown  in  Figure  31* 

(Foreward  Extrusions-General  Notes) 

The  Dynapak  extrusion  button  varies  from  the  conventioi.  tutton 
in  that  it  appears  that  no  lead-in  is  required  to  achieve  the  desired 
extrusions.  A  ring  of  metal  is  left  in  the  scalp  of  the  extrusion 
billet  and  often  is  separated  from  the  scalp  due  to  material  flow  during 
the  extrusion  stroke. 
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Figure  30  -  BASIC  HOLDER  WITO  STRIPEER  Convair  Print  No.  57089 

RING  IN  UP  POSITION 
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DEVELOPMENT  OF  THE  PROJECT 

(Foreward  Extrusions-Ceneral  Notes) 

Attempts  to  duplicate  the  dead  rnaterial  ring  in  the  container  design 
ha/e  not  been  fruitful  and  it  is  felt  that  the  limited  improvement,  if 
any  at  all,  would  not  wai'rant  the  increased  complexity  of  extrusion  button 
design  and  manufacture. 

( Tool  Development ) 

Punch  holders  were  developed  in  the  same  manner  as  the  die  holders, 
by  test.  The  first  punch  holder, MDA  500  shown  in  Figure  32,  was  made  from 
SAE  52100  tool  steel  heat  treated  to  48.  This  holder  failed  when  used 
in  a  forging  attempt  and  is  seen  in  Figure  33  after  removal  from  the  machine. 

As  a  result  of  this  failure  a  new  holder,  incorporating  sub  plates  hardened 
to  resist  the  high  compression  loads, was  made.  The  first  plate  was  heat 
treated  to  Rc  58-62  which  provedto  be  too  hard  and  brittle.  A  subsequent 
plate  was  tooled  from  Durodi  steel;  heat  treated  to  R^  45-46.  This  choice  was 
nade  as  a  result  of  the  excellent  showing  of  Durodi  in  the  forging  tools. 

The  new  sub  plate  has  been  used  in  forging,  extruding  and  compacting  tests 
and  still  is  in  good  working  condition.  The  new  universal  ixinch  holder  MDA  501 
is  seen  in  Figure  34* 

In  addition  to  the  punch  holder  development  a  pre-stressed  extrusion 
tool  holder  was  developed.  The  design  seen  in  Figure  35  is  unique  in  that 
both  the  billet  container  and  the  die  button  are  independently  pre-stressed 
in  the  same  tool.  The  design  also  allows  the  billet  container  to  be  removed 
without  bothering  the  die  button.  In  addition  the  die  button  is  backed  up 
heavily  to  prevent  failure. 
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Figure  32  -  FIRST  PUNCH  HOLDER  BUILT  Convair  Print  57001 
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Figure  33  -  PUNCH  HOLDER  FAILURE  Convair  Print  58862 
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Figure  34  -  UNIVERSAL  PUNCH  HOLDER  Convair  Print  No.  57002 


Figure  35  -  PRESTRESSED  EXTRUSION  TOOL  HOLDER 
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DEVELOPMENT  OF  THE  PROJECT 
(Tool  Dovolopmnt) 

Punch  dosign  is  more  or  loss  dotorBinad  by  tho  port.  ‘Ihoro  oro  homtror 
SOTO  boslc  design  feotures  coBnon  to  oil  punches.  On  oil  st'-oi^t  pmrhee 
it  is  best  to  '^love  the  punch  obout  .020  on  the  disuieter  storting  froei 
opproKlmtoly  l/k  inch  behind  the  contact  foce.  The  contact  face  say  be 


separate  so  that  replacenent  nay  be  made  without  scrapping  the  whole  punch. 

If  at  all  paaalble  a  large  radius  should  be  used  betwsen  the  shank  k  butt. 


IT 


R  as  larga  as  poasibla 
1/0  Minisiai 


In  aoet  caaas  radii  of  bstwssn  1/8  and  1/4  ars  satisfactory  howwrsr  ths 
saallsr  tho  lamch  diaastor  tho  groator  the  need  of  a  largo  radius  for 
strength* 

Tost  evaluations  established  that  punches  hardened  in  excess  of  ^  50 
eere  too  fragile  for  nontal  use*  Machine  side  play  and  slight  billet 
unersness  resulted  in  broken  punches,  lypical  of  the  failures  experienced 
in  the  punch  shown  in  Figure  36.  Howenrer  as  the  punch  hardness  was 
reduced  a  tendency  to  mushroon  on  iinpact  was  noted.  Figure  37  illustrates 
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Figure  36  -  TYPICAL  FAILURE  OF  HIGH  HARDNESS  PUNCH  Convair  Print  54924 
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Plgur#  37  -  TYPICAL  UPSET  FAILURE  OF  PUNCH  Convair  Print  No 
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DEVELOPMENT  OF  THE  PROJECT 

(Tool  Dovolopront) 

a  tTplcal  punch  upeet  fro®  excosa  coopraaaion  loading.  It  is  baliavad 
that  tha  beat  hardnaoa  range  for  punches  io  between  R©  46«48.  There 
will  still  be  a  tendency  to  upeet  the  punch  when  excessive  fire  pressures 
are  used.  No  set  figure  can  be  given  for  jwnch  sise  to  fire  pressure 
relationships  since  it  will  vary  fro®  naterlal  to  material,  by  forging 
temperature,  by  reduction  ratio  etc.  bowenrer  inforaation  in  this  area 
for  extrusion  application  is  being  dersloped  by  the  Dynapak  project 
personnel. 

Extrusion  button  design  is  quite  sisiple  when  no  lead-in  is  provided. 

The  desired  cross  secticr  is  exit  into  the  round  butt<m  and  is  relieved 
below  the  first  1/4  inch.  Reference  Figure  38.  A  view  of  the  button  is 
shown  in  Figure  39.  Although  the  die  button  thickness  of  1-1/2  inches 
seese  sufficient,  tests  esUblished  that  a  heavier  back  up  around  the 
desired  cross  section  is  mandatory  to  prevent  button  fail^tre. 

Backward  fictrusion 

Only  a  limited  amount  of  work  was  done  with  back  extrusion  ^however, 
the  tooling  developed  in  the  foreward  extrusion  testing  was  found  to  be 
satisfactoxy  for  general  usage.  The  punch  was  rounded  rather  than  flat 
to  achieve  a  better  flow  of  material  and  reduce  the  |xinch  loading  upon 
impact.  Flat  bottom  punches  should  be  avoided  since  they  retard  the  flow 
of  metal  directly  below  the  punch  face.  For  optimum  metal  flow  and  reduced 

punch  loading  the  punch  should  have  a  cone  angle  of  from  one  to  seven  degrees 
with  a  minimum  radius  blend  in  to  the  fxmeh  land  of  .032.*(Fldore  ^40]t 
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Plgur*  39  -  EXTRUSION  DIE  BUTTON  Convair  Print  54923 
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DEVELOPMENT  OF  THE  PROJECT 

Backwrd  Extrusion 

It  ma  found  that  a  to  .006**  raliaf  in  contrast  to  tha  •020* 

uaad  on  tha  foraaard  axtruaion  uaa  nacaasary  to  control  aiaa*  Saoondly 
tha  langth  of  tha  non-raliarad  saction  was  found  to  ba  important.  A 
short  langth  of  tha  land  is  bast,  sinoa  sida  friction  is  raduead.  If 
tha  land  is  too  short,  siaa  tolarancas  ara  lost.  Thara  was  insuffieiant 
work  dona  in  this  araa  to  astablish  a  lalnlWMi  land  siaa«  It  is  baliarad 
that  tha  land  siaa  wiU  dapand  to  a  graat  axtant  on  punch  sisa  and 
Mtarlal  to  ba  axtrudad. 

As  with  all  tooling  shich  is  usad  in  tha  forging  and  aoctrudlng  araas, 
surfaca  finish  is  sxtrasialj  important.  A  mirror  finish  on  tha  punchas  and 
dias  is  a  dafinita  assat. 

Ccaipacting 

A  pralimlnary  avaluation  of  compacting  by  Pynapak  was  attawptad  using 
tungstan  carbida  pra-prassad  powdars.  A  flattaring  dia  assambly  shown  in 
Pigura  41  was  usad  in  tha  trials. 

A  pactangular  shapa  was  cut  in  a  piaca  of  hot  roUad  staal.  Tha  opening 
«as  fiUad  and  tha  powdar  pra-prassad  prior  to  tha  forging  stroka.  Tha 
staal  and  powdar  pra-prassad  prior  to  tha  forging  stroka.  Tha  staal  and 
pcMdar  wara  than  hit  and  raduead  in  thicknass.  Powdar  dansity  ma  incraasad 
but  tha  straasas  sat  up  by  tha  forgad  staal  holdar  crackad  tha  compact  bafora 
tha  piaca  could  ba  sintarad. 
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Figure  41  -  FLATTENING  DIES  FOR  COMPACTION  ATTEMPT  Convair  Print  No.  57004 
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DEVELOPMENT  OF  THE  PROJECT 

Compacting 

Although  the  results  were  somewhat  disappointing  ^the  tests  did  lay 
the  groundwork  for  Project  348#  a  compaction  study. 

Materials 

It  was  found  that  Durodi^  a  shock  resistant  tool  steely  was  an 
excellent  all  around  material.  The  SAE  32,100  material  was  found  to  be 
satisfactory  for  holders  and  holder  rings  but  was  not  sufficiently  shock 
resistant  for  the  forging  die  or  punch  section.  Punches  made  of  Graph- 
mo  tool  steel  were  tried  but  proved  susceptible  to  brittle  failure  due 
to  side  loads. 

It  w;is  found  that  high  hardness  was  not  necessary  to  satisfactory  punch 
performance.  In  general  it  may  be  said  that  hardnesses  exceeding  50 
shoiild  not  be  used  in  the  tool-i  subject  to  impact  and  shock  loads.  Tool 
steels  selected  for  Dynapak  use  should  be  capable  of  withstanding  high 
thermal  shock  and  impact  loads  and  yet  retain  the  strength  level  required. 
The  Durodi  material  does  fairly  well  but  many  improvements  can  be  made. 

As  yet  there  are  no  tool  steels  manufactured  that  meet  the  drastic  require¬ 
ments  of  the  Dynapak  operation. 
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APPENDIX 


MACHINE  OPERATING  INSTRUCTIONS 

OPTatlnjt  Instructions 
Safety  Precautions 

Dynapak  nachins  Is  a  safe  siachlns  whan  handled  with  respect.  It*s 
abUlty  to  rolMs*  tr«endou8  forcos  in  mlllieeconds  requiros  that  each 
action  ba  thought  out  prior  to  initiation.  A  earelaas  operator  will  find 
it  an  axtroMly  dangarous  mchine  unless  ha  follows  the  slnpla  and  logical 
rules  which  follow: 

NEVER  put  the  hands  under  the  ran  unless  it  is  held  up  by  hydraulic 
oil  pressure.  Without  the  oil  under  the  ran  piston,  oven  the  "safe" 
position  of  the  control  switch  is  unsafe. 

WATCH  the  firs  pressure  and  set  pressure  gauges  and  be  sure  that  the 
ratios  are  MinUlned  3  to  1.  NOTO:  Fire  pressure  may  gradually  build  up 
froei  trigger  gas  or  set  pressure  leakage  could  aake  the  uchlne  misfire. 

remember  the  PANIC  BUTTON  is  the  fire  pressure  bleed  valve  on  the  console. 
Opening  this  valve  dumps  the  fire  pressure  to  the  atmosphere  and  the  machine 
cannot  fire. 

Mien  energliing  the  ■achine^  ALWAYS  put  the  fire  pressure  in  last. 

When  de-^nergising  the  machine,  ALWAYS  dump  the  fire  pressure  first. 

Mien  the  machine  Is  left  unattended  it  shoiild  be  in  the  safe  position 
with  oil  undsr  t>i«  piston.  All  electric  power  and  the  nitrogen  gas  supply 
to  the  console  should  be  cut  off. 

In  the  event  of  a  electrical  power  failure  if  the  rotary  switch  is  in  the 
fire  return,  or  cock  position,  the  machine  will  dump  the  fire  pressure  to 

the  atmosphere  thus,  making  it  safe  automatically.  If  the  amchine  is  in  the 
safe  or  ready  position,  it  cannot  be  fired  electrically,  but  it  does  r&min 
energised  and  will  misfire  if  the  3  to  1  fire  pressure  to  set  pressure 
reaches  4  to  1. 
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MACHINE  OPERATING  INSTRUCTIONS 

Opratlng  Instructlona 
Safety  Precautions 

All  bolta,  nuts  and  other  structural  parts  of  this  mchine  are  aside 
of  heat  treated  alloy  steels.  (DO  NOT  SUBSTITUTE). 

Nerer  attesipt  to  disasseid>le  the  aatehlne  unless  all  gas  is  duaped, 
all  bleed  valres  excepting  back  pressure  bleed  tsIts  are  open  and  the 
high  pressure  gas  supply  is  shut  off. 

Wten  firing,  stay  out  of  splatter  area  or  use  the  safety  door. 

Test  Firins 

The  (6)  and  caps  on  each  end  of  the  (3)  shock  absorbers  should  be 
turned  counterclockwise  with  a  spanner  wrench  to  be  sure  they  are  tight 
ngklnst  the  (6)  bearing  feet. 

Insert  the  six  inch  spacer  adjustaent  bolt  between  the  top  of  the  lower 
cower  lOate  and  the  bottoai  of  the  right  front  bearing  foot. 

Turn  on  the  utilities  as  follows: 

110  Volt  AC  to  the  console 

Nitrogen  sanlfold  gas  supply  to  the  console 

440  Volt  3  phase  current  to  the  puap  unit 

Open  the  pressure  "X"  valve  above  the  left  gauge  on  the  left  side  oi 
the  aachine.  It  will  take  about  750  pel  to  raise  the  machine  to  obUin 
th#  6**  dlBwnslon  from  the  fnamm 

dose  pressure  "X"  valve  and  open  pressure  "T"  valve  above  right  hand 
gau^e  on  left  side  of  aachine.  Admit  250  pel  to  the  upper  shocks. 

Close  pressure  "T"  valve  and  resxrve  6"  bolt  for  established  (6") 
neutral  position  before  firing. 
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MACHINE  OPERATING  INSTRL'CTIONS 

Test  Firing 

The  machine  is  now  ready  for  test  firing,  and  it  can  be  shot  against 
a  high  back  pressure  so  that  the  column  will  move  only  a  few  inches. 

Close  the  set  pressure  bleed  valve  on  the  console  and  open  the  set 
pressure  to  build  a  pressure  of  35  psi  in  the  JfYGE  unit. 

Check  the  back  pressure  bleed  valve  (It  should  never  be  opened  or 
hydraulic  oil  will  be  exhausted  onto  the  floor  under  the  console.)  Turn 
the  back  pressure  fill  valve  to  the  right  and  build  up  a  gas  pressure 
under  the  piston  of  100  psi.  This  is  a  diaphram  valve.  It  opens  to  the 
right  and  is  left  open  to  maintain  the  pressure  selected, automatically. 

Close  the  fire  pressure  bleed  valve,  and  very  slowly  open  the  fire 
pressure  fill  valve  and  reach  a  pressure  of  100  psi. 

IMPORTANT:  Never  exceed  a  three  to  one  pressure  ratio  between  fire  and 
set  pressures  or  the  machine  may  misfire  automatically.  From  this 
time  on  until  firing  the  machine  is  energized, so  do  not  approach  it 
Use  tongs  to  place  or  moye  parts  in  the  work  area. 

Start  the  pump  with  the  manual  switch  to  the  right  of  the  oil  pressure 
gauge  at  the  left  end  of  the  console. 

Set  the  rotary  switch  to  the  •^Ready^  position  (pointing  straight  up) 

Turn  the  110  volt  toggle  switch  to  "on**  and  the  mechine  ia  reedy* 

As  the  rotary  switch  is  turned  counterclockwise  the  following  events 
take  place: 

Fire  -  The  machine  should  fire  and  the  column  moves  out  very  rapidly, 
but  for  a  short  distance^ because  the  back  pressure  is  high  enough  to  stop 


it. 
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MACHINE  OPERATING  INSTRUCTIONS 
Teat  Firing 

Return  -  This  position  energizes  a  solenoid  valve  which  then  allows 
hydraulic  oil  to  be  pumped  under  the  ram  piston  and  returns  it  to  the 
starting  position.  »,en  the  green  light  comes  on  and  the  hydraulic  oil 
pressure  gauge  reads  approximately  2300  psi  the  piston  is  up  against  the 

seal  plate  and  the  operator  may  move  the  rotary  switch  to  the  next  counter¬ 
clockwise  position. 

NOTli  the  first  run,  the  pump  must  purge  Itself,  and  this  may 

take  some  tine. 

The  "cock"  position  pumps  oil  into  the  set  pressure  system  of  the 
Kjrge  unit  and  returns  the  seal  base  to  its  starting  position.  Allow  a 
minimum  of  five  seconds  in  this  position.  When  the  green  li^t  comes 
on,  the  operator  may  move  the  rotary  switch  counter  clockwise  to  the 
"safe"  position. 

Safe  -  At  this  point  the  machine  has  been  re-cocked,  but  the  hydraulic 
oil  is  still  under  the  piston,  hence  the  piston  could  move  but  a  very  short 
distance  even  if  accidentally  fired.  This  is  the  safe  position  for  changing 
tools,  etc.  This  is  also  the  position  to  leave  the  machine  in  when  it  is 
not  to  be  operated  for  a  short  time.  If  there  is  no  need  to  have  the 
machine  in  "safe"  position  (as  with  rapid  firing)  this  position  is  passed 
through  without  stopping  at  all. 

Bleed  -  With  the  rotary  switch  in  the  bleed  position  the  hydraulic  oil 
is  returned  to  the  reservoir  and  the  machine  is  again  ready  to  fire.  The 
operator  must  hold  this  position  until  the  red  light  comes  on  indicating 
the  bleed  is  cooiplete. 
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MACHINE  OPERATING  INSTRUCTIONS 
Test  Firing 

Spares  -  Two  spare  positions  are  included  in  the  cycle  to  be  used  as 
desired*  These  positions  can  be  used  for  such  purposes  as  regulating 
purge  gas,  tripping  an  automatic  billet  feeder,  or  blasting  a  forging 
die  vdth  gas  to  remove  scale* 

machine  is  in  tho*Veady"position  and  it  is  desired  to 
return  to  the"saf exposition  without  firing,  turn  the  rotary  switch  CLOCK*- 
WISE  to  the  return  position.  The  pump  will  then  fill  the  piston  back 
pressure  chamber  full  of  oil.  The  normal,  counterclockwise,  rotary 
switch  sequence  through  to  theXsafeXposition  should  then  be  followed. 

IfflORTANT;  'ITie  set  pressure  and  the  ram.  back  pressure  gauge  readings 
are  erroneous  for  gas  pressure  indication  when  there  is  oil  in  the  machine. 
For  this  reason  a  spare  or  ready  position  of  the  rotary  switch  is  necessary 
for  setting  pressures  desired.  Always  work  from  left  to  right  adjusting 
the  set  pressure  to  1/2  the  desired  fire  pressure;  then  adjust  the  dlaphram 
fill  valve  to  maintain  100  psi  ram  back  pressure.  (This  pressure  is  used 
for  all  fire  pressures  above  300  psi.)  Next  adjust  the  fire  pressure  to 
twice  the  set  pressure.  Lastly,  open  the  set  pressure  bleed  valve  on 
the  console  slowly  and  drop  it  to  1/3  the  fire  pressure.  If  this  ratio 
is  exceeded  the  machine  will  automatically  misfire  without  movement  of 
the  rotary  switch.  Get  pressure  gas  fills  a  small  area  in  the  hyge  unit 
and  very  little  is  wasted  for  the  additional  safety  obtained  as  outlined 


above. 
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MACHINE  OPEfvATING  INSTHUCTIOTJS 

Test  Firing 

CAUTION;  JEVER  allow  anyone  near  the  machine  when  gauge  pressures 
are  being  set  or  adjusted. 

Machine  Malfunctions  • 

Ck>ing  back  through  the  preparations  for  firing,  and  the  test  firing 
the  follovfing  list  covers  most  malTunctione  and  their  probable  causes. 

One  of  the  fill  valves  on  the  console  is  opened  to  raise  a  pressure 
in  the  machine  and  nothing  happens. 

(Probable  Cause) 

The  valve  on  the  nitrogen  gas  bottle  was  not  opened. 

Remedy:  Open  the  valve  on  the  gas  bottle. 

Nitrogen  pressure  in  the  bottle  is  too  low. 

Remedy:  Close  the  valve  on  the  bottle  and  open  a  valve  on  a 
bottle  containing  more  pressure. 

Should  the  bottle  pressure  be  less  than  the  machine  pressure,  the 
machine  will  bleed  into  the  bottle  until  the  pressures  are  equalized. 
This  principle  can  be  utilized  to  conser/c  gas  In  wmnj  casss.  For 
example, rather  than  exhaust  fire  pressure  to  the  atmosphere  the  excess 
gas  may  be  bled  into  a  near  empty  bottle  thus  saving  the  gas  for  future 
use. 
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^ACHINK  OPERATING  INGTRIiCTiajS 

HpiJ  function 

The  fire  pressure  valve  is  opened  to  introduce  fire  pressure  and 
the  gas  exhausts  to  the  atmosphere: 

(Probable  Cause) 

The  Hrge  unit  is  not  seated* 

Ueiredy;  Increase  set  pressure  gauge  reading  to  possibl7  800  psi. 

If  there  is  dirt  on  the  actual  seal  ^actuat ion  of  the  machine  may  blovf 
it  out.  If  permanent  damage  to  the  seal  has  been  done  the  machine  must 
be  disassembled  to  correct  the  condition. 

The  rotary  svritch  is  moved  to  the  fire  position  and  nothing  happens: 

(Probable  Cause) 

110  volt  toggle  switch  on  the  co  isole  in  off  position 

110  volt  power  to  the  console  of;  at  the  fuse  box 

Fuse  block  on  the  110  volt  system  has  blown 

The  nitrogen  gas  supply  was  not  turned  on  at  the  bottle. 

The  trigger  gas  solenoid  valve  rral-functioned. 

Remedy: 

There  may  be  a  short  in  a  wire  from  the  console  to  the  solenoid  nounted 
on  the  left  elde  of  the  nachlne* 
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KAC}a\T:  OPRUATIYG  IN’GTfa  CTI0N5 

Machine  Malfunction 

After  firinf^jthe  rotaty  switch  is  moved  to  the  returri  positiof^  and 
nothin#»  happens. 

(Probable  Cause) 

4^0  Volt  3  phase  power  to  the  pump  unit  was  not  turned  on 
The  110  volt  AC  power  fror  the  irachine  consoJe  to  the  hydraulic  pump 
solenoid  valve  is  disconnected. 

The  440  volt  circuit  breaker  at  the  hydraulic  pump  has  opened. 

Remedy : 

Turn  on  the  power. 

The  hydraulic  pump  retiirned  the  ran  piston  to  the  seal  plate  but  the 
preen  lif,ht  did  not  come  on  to  indicate  a  conpleted  cycle. 

(Probable  Causes) 

'Urnal  light  bulb  burned  out. 

Improper  adjustment  on  pressure  switch  in  the  signal  light  circuit. 

The  rotary  switch  is  moved  to  the  ”GAFE"  position  and  the  fire  pressure 
starts  exhausting  to  the  atm.osphere. 

(Probable  Cause) 

Hyge  unit  not  seated. 

Rem.edy: 

Quickly  return  the  rotary  switch  to  the  fire  position.  This  closes  a 
solenoid  valve  and  prevents  further  exhaust  and  loss  of  fire  pressure  gas. 
.Vove  on  to  "Cock”  position  and  start  the  hydraulic  pimp  and  hold  at  full 
pressure  for  ten  seconds,  t'eturn  to  ”3are”. 
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MACHINE  OPERATING  INSTRUCTIONS 
M^ch;Lna  function 

Having  passed  the  "KLeod”  position  on  the  rotary  switch  the  machine 
is  ready  for  use.  After  repeated  cycling  it  is  observed  that  the  fire 
pressure  is  changing.  If  this  condition  is  not  rapid,  it  would  be 
advisable  to  correct  for  it  periodically  by  adding  or  bleeding  gas  as 
required  to  restore  the  desired  value.  If  on  the  other  hand  rapid 
changes  occur  the  time  delay  relay  inside  the  right  front  end  of  the 
console  should  be  adjusted.  This  relay  is  timed  to  put  in  as  much  gas 
on  firing  the  machine  as  is  lost  on  recocking  it.  When  the  timing  is 
correct,  the  fire  pressure  will  remain  nearly  constant.  Increasing  the 
delay  will  put  in  more  gas  (increase  fire  pressure)  and  decreasing  the 
will  put  in  less  gas.  Because  the  bottled  gas  suj^>ly  pressure  is 
not  constant  some  variation  in  fire  pressure  is  unavoidable. 

Tool  Tnatj^^llation 

Punch  and  die  alignment  can  be  cheched  by  advancing  the  ram  toward 
the  bolster  at  low  velocity  and  under  positive  control.  To  do  this  the 
following  procedure  is  required: 

Ehergise  the  sot  pressure  to  a  moderately  high  value.  If  the  machine 
is  empty  of  all  gas  pressure  charge  the  set  pressure  to  400  to  500  pel. 

Adjust  the  ram  back  pressure  to  100  pel. 

Adjust  the  fire  pressure  to  100  pel. 

Bleed  the  set  pressure  back  to  35  psi. 

Fire  the  machine  by  advancing  the  rotary  switch  to  the  fire  position. 
Because  of  the  balanced  back  pressure  and  fire  pressure  the  rairi  wilJ  advance 
a  short  distance  and  stop.  NOTE:  Leave  the  control  switch  at  the  fire 
position. 
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MACHINE  OPERATING  INSTRUCTIONS 

Tool  Installation 

Bleed  off  all  set  pressure  to  guarantee  that  the  set  pressure  unit 
will  not  close  during  subsequent  maneuvering. 

Advance  the  ram  into  the  tooling  by  adding  fire  pressure  manually. 

Retract  as  required  by  bleeding  fire  pressure  manually. 

When  tool  check  out  is  complete,  adjust  the  set  pressure  to  a  value 
of  400  psi  or  more,  advance  the  control  switch  to  return  and  complete 
the  operating  cycle  to  the  ready  position.  The  machine  may  then  be 
recharged  to  the  operating  conditions. 
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